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COMPLETE SPECIFICATION 

DRAWINGS ATTACHED 

Improvements in or relating to a Method of Interconnecting an Aluminium 
Terminal Member to an Aluminium Capacitor Foil Member 

We, General Motors Corporation, a 

Company incorporated under the laws of the 

State of Delaware in the United States of 

America, of Grand Boulevard in the City of 
5 Detroit, State of Michigan in the United 

States of America (Assignee* of James 

Lloyd Hancock and Lee J. Lakes) do 

hereby declare the invention for which we 

pray that a patent may be granted to us and 
10 the method by which it is to be performed, 

to be particularly described in and by the 

following statement: — 

This invention relates to a method of inter- 
connecting an aluminium terminal member 
15 to an aluminium capacitor foil member. 

The invention involves the use of an alu- 

rninium capacitor foil member having a 

thickness less than .001 inches, preferably 

between .0008 and .00017 inches, and com- 
20 prises forming a brittle good dielectric oxide 

layer over the natural oxide layer on, at least, 

one of the members, juxtaposing the mem- 
bers with the brittle oxide layer between the 

members and then subjecting the members 
25 to pressure at a series of discrete areas so as 

to disrupt the oxide layers, and cold pressure 

weld the members together. 
Since the good dielectric oxide layer is 

brittle, it bares when it is disrupted by the 
30 pressure, discrete areas of the interfacial sur- 
faces between the foil member and terminal 

member to enable the members to be cold 

pressure welded. 
The brittle good dielectric layer is prefer- 
35 ably on the capacitor foil member.^ It then 

serves three functions: first as a dielectric; 

second to bare the interfacial surfaces for 

cold pressure welding; and third to impart 

strength to the thin capacitor foil member. 
40 Oxide layers having the desired qualities 

are formed by electrolysis, the suitable 

electrolytes being ammonium borate and an 

acid, or an aljcali metal borate and an acid. 
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The scope of the invention is defined by 
the accompanying claims; and how it may be 45 
performed is hereinafter particularly des- 
cribed with reference to the accompanying 
drawings in which: ' 1 

Figure 1 is a perspective view of an 
aluminium capacitor foil member and an 50 
aluminium terminal member joined accord- 
ing to the present invention; 

Figure 2 is a perspective view of an 
aluminium capacitor foil member and an 
aluminium terminal member joined accord- 
ing to the invention; 

Figure 3 is an enlarged cross-section 
through the terminal member and foil mem- 
ber of Figure 2 before they were joined; 

Figure 4 is another enlarged cross-section 60 
through the terminal member and foil mem- 
ber of Figure 2 and illustrates what occurs 
on joining; 

Figure 5 is an enlarged cross-section 
through the terminal member and foil mem- 
ber after they have been joined 

A capacitor aluminium foil member 10 
less than .001 inches thick and preferably be- 
tween 0.0008 and .00017 inches thick is 
shown in Figure 1 covered with a brittle 
high density electrolytically formed dielectric 
layer 12 of aluminium oxide. An aluminium 
terminal member 14 also covered with a brit- 
tle high density dielectric layer 16 of alu- 
minium oxide has been joined to the foil 75 
member 10 by the method according to this 
invention, the layer 16 being on the terminal 
member surface joined to the foil member. 

Figure 2 shows an aluminium capacitor 
foil member 20 less than .001 inches thick 80 
and preferably between 0.008 and 0.00pl7 
inches thick to which an aluminium terminal 
member 22 has been joined according to the 
present invention. The surface of the terminal 
member 22 to be joined to the foil member 85 
was covered, before it was joined to the foil 
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member, by an electrolytically deposited 
layer 24 of brittle high density aluminium 
oxide, but the corresponding surface of the 
foil, unlike the foil in Figure 1, was, not 

5 Figure 3 illustrates on an enlarged scale 
the layers of material on the terminal mem- 
ber 22 and foil member 20, shown in Figure 
2, shortly before they were joined. 
The aluminium terminal member 22 has 

10 naturally formed oxide layers 32 and 34 on 
opposite surfaces, the layer 34 being covered 
with a brittle high density dielectric film 24. 
The foil member 20 is covered only with a 
naturally formed oxide layer 30, 31. 

15 Figure 4 shows how, and what, occurs 
when the terminal member 22 and foil mem- 
ber 20 of Figure 2 are joined. A tool 40 
having a head 46 with a plurality of closely 
adjacent square projections 44 is forced 

20 against the foil member 20 at a pressure such 
that each projection exerts a pressure on the 
foil member 20 of about 50 lbs. per square 
inch at a series of discrete areas; the pressure 
should not, however, be so great that the 

25 projections 44 puncture or tear the foil mem- 
ber 20. The projections 44 apply localised 
pressure at a series of discrete areas to the 
layer of material such that the layer 24 is 
disrupted as shown by the arrows in Figure 

30 4. The terminal member is engaged by a re- 
action element 42. When the layer is dis- 
rupted it bares of oxide the areas of the inter- 
facial surfaces of foil member and terminal 
member subject to the localised pressure 

35 applied by the projections 44. Opposing areas 
60 (Fig. 5) cleaned thereby are then cold 
pressure welded together. Thus the areas of 
the terminal member and foil member to be 
welded together are cleaned and welded sub- 

40 stantially simultaneously by one operation of 
the tool 40. 

Figure 5 is a fragmentary view on an en- 
larged scale of the join between the terminal 
member 22 and foil member 20 effected by 

45 the application of localized high pressure as 
just described. 

The naturally formed layers 30 and 34 and 
the electrolytically deposited layer 24 have 
been removed from areas 60, by the disrup- 

50 tion of the layer 24 effected by the tool 40, 
the areas 60 being cold pressure welded to- 
gether. Separating the areas 60 are pockets 
50, which are filled with particles from the 
naturally formed layers 30 and 34 and from 

55 the disrupted layer 24. The welds in the 
areas 60 result in good mechanical strength 
and high electrical conductivity between the 
terminal member 22 and foil member 20. 
Thus in the method according to the inven- 

60 tion the naturally formed oxide layers 30 and 
31 on the foil 20 and the layers 32 and 34 
on the terminal member 22 are not, as has 
been conventional, removed by abrasive or 
chemical cleaning. In practice the electro- 

65 lytically formed layer 24 of aluminium oxide 



is often on the foil member, and the terrninal 
member has only a naturally formed layer. 

There are three main kinds of oxide layer 
which can be formed on aluminium. First, 
there is the natural oxide layer which forms 70 
instantaneously on aluminium when it is ex- 
posed to air. This oxide layer generally pre- 
vents good electrical conductivity and a 
secure mechanical bond between a foil mem- 
ber and a terminal member. The layers 30, 75 
31, 32 and 34 in Figures 3, 4 and 5 of the 
drawings consist of such natural oxide, which 
is exceedingly thin and highly refractive, has 
very poor dielectria characteristics, and is 
usually contaminated with impurities of 80 
aluminium such as iron, silicon, copper, 
magnesium, manganese, titanium and gallium 
as well as dirt. 

The other two kinds of oxide layer are 
artificially formed, usually on top of the 85 
natural layer. One kind is thicker (about 
.0001 inches) than the natural layer but 
porous, and can be formed, for example, by 
conventional anodic oxidation using sul- 
phuric, oxalic or chromic acid as an electro- 90 
lyte; alternatively it can bQ formed by a 
simple immersion treatment in an oxidizing 
solution such as a hot solution of sodium car- 
bonate containing potassium dichromate. 
Oxide layers formed by these methods do not 95 
form brittle good dielectric layers, and are 
not used in the method of this invention. 

The third kind of layer forms a good dense 
brittle dielectric layer, and is therefore the 
one used in the present invention as the layer 100 
24. The layer 24 is preferably formed by 
anodic oxidation using sodium borate 
(Na 3 B 4 0 7 ) and boric acid, or phosphoric acid, 
or an equivalent acid as the electrolyte. Phos- 
phoric acid alone results in a porous type 105 
dielectric layer but when used with sodium 
borate, potassium borate, or ammonium 
borate, or similar borate compounds results 
in a dense good dielectric layer. A layer 
formed using, as electrolyte, a solution of 110 
10% boric acid (H 3 B0 3 ) together with one of 
more of its salts is dense, impermeable to the 
solution and practically insoluble in it. The 
thickness of the layer is usually such as to 
provide poor protection against corrosion 115 
and abrasion but excellent dielectric proper- 
ties because of its high density. When the 
solution contains sodium borate, usually sup- 
plied as Na 2 BA.10H 2 O, it may advan- 
tageously constitute 1% of the total weight 120 
of the solution. The higher the voltage used, 
the greater the resistivity of the solution 
should be and consequently the smaller the 
percentage of sodium borate used. When high 
voltages are used, a straight boric acid solu- 125 
tion with no sodium borate may be prefer- 
able. Purity of materials in the solution is 
important, distilled water being necessary, 
and exclusion of chlorides most important 
Ammonium borate may advantageously be 130 
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used instead of sodium borate when high 
voltages are employed. 

During the electrolysis a film of gelatinous 
or colloidal aluminium hydroxide is first 

5 formed on the aluminium, and is then con- 
verted into a dense layer of aluminium oxide. 
The presence of chlorides in the solution is 
adverse to the formation of the gelatinous or 
colloidal aluminium hydroxide film. On the 

10 other hand, the introduction of colloids like 
gjue, gums, and so on, is beneficial as they 
are apt to strengthen the colloidal aluminium 
hydroxide layer. The high-density dielectric 
layer left is material alumina (aluminium 

15 oxide— A1 2 0 3 ) that is visibly present, has a 
very high dielectric constant, and contains 
very little physically absorbed water. Mole- 
cular arrangement of this high density film 
is such that it is a very good dielectric. 

20 In order to show the effectiveness of the 
method according to the invention, two 
series of tests were conducted in which dif- 
ferent methods of attaching aluminium ter- 
minal members to a aluminium foil mem- 

25 bers were used. 

In the first series of tests foil members less 
than .001 inches thick and too thin to with- 
stand cleaning by etching or abrasives were 
used. 

.30 In the first test of one series the terminal 
member was folded into engagement with an 
uncleaned foil member as though a capacitor 
foil member were being wrapped to form a 
capacitor with a terminal member connected 

;35 thereto. No pressure was applied to connect 
the ternvinal member and foil member across 
the fold, the terminal member and foil mem- 
ber being therefore not connected mechanic- 
ally. The average resistance of ten readings 

-40 in ohms was .00870. 

In the second test an uncleaned aluminium 
foil member and terminal member were 
stitched together at a pressure of 2560 p^J. 
The average resistance of ten readings was 

45 .00554 ohms. The average resistance of 
.00554 ohms is appreciably less than .00870 
ohms average in the first test so that better 
electrical conductivity resulted from the 
stitching. However, stitching perforates the 

50 materials and therefore weakens the mecha- 
nical strength of the terminal member and 
foil member at the join. 

In the third test an artificial layer of brittle 
good dielectric aluminium oxide was formed 

55 on both the foil and terminal and the terminal 
member and foil were then stitched together 
at a pressure of 2560 p.s.L The average re- 
sistance of ten readings was .0697 ohms. The 
layer has thus adversely affected the electrical 

•450 conductivity as compared with the first two 
tests. Again the mechanical strength of the 
foil member and terminal member at the join 
is not good because of the stitching. 
In the fourth test the tenninal member and 

•455 foil member were joined by the method of 



the present invention described above. 

The average resistance of ten readings was 
.00295 ohms, which is considerably less than 
in any of the previous tests. Moreover the 
mechanical strength of the job between the 70 
terminal member and foil member is superior 
to that obtained with the old methods. There 
was no tearing or disintegrating of the foil 
members or terminal members due to stitch- 
ing, chemical etching or mechanical abrasive 75 
cleaning or brushing. There was no haste to 
join the terminal member to the foil' member 
so as to avoid natural oxidation of the 
aluminium. 

In the second series of tests foil members 80 
having a thickness capable of withstanding 
cleaning by etching or abrasives was used but 
less than .001 inches thick, and tools of the 
type shown in Figure 4 were used for effect- 
ing the join between the terminal members 
and foil members. 

In the first test of the second series un- 
cleaned terminal member and an unclean 
foil member were joined. This join had very 
poor mechanical strength. 90 

In the second test an abrasively cleaned 
terminal member was joined to an abrasively 
cleaned foil member. There was again a join 
having little mechanical strength in spite of 
the fact that the cleaning was accomplished 95 
within about five seconds of the application 
of pressure by the tool 40. 

In the third test the terminal member and 
foil member were joined by the method 
according to the invention in which both the 100 
foil member and film member had an arti- 
ficially formed brittle good dielectric alumi- 
nium oxide film. The mechanical strength of 
the joint was excellent. 

In the fourth test only the tenninal mem- 105 
ber had an artificially formed brittle good 
dielectric oxide layer — that is as described 
with reference to Figures 2 to 5. An excellent 
mechanical joint was again obtained. 

In all the tests of the second series the HO 
electrical connection was excellent, the joint 
having an infinitely low resistance. 

WHAT WE CLAIM IS:— 

1. A method of interconnecting an alu- 
minium terminal member to an aluminium 115 
capacitor foil member having a thickness less 
than .001 inches, which comprises forming a 
brittle good dielectric oxide layer over the 
natural oxide layer on at least one of the 
members, juxtaposing the members with the 120 
brittle oxide^ layer between the members and 
then subjecting the members to pressure at a 
series of discrete areas so as to disrupt the 
oxide layers, and cold pressure weld the 
members together. 125 

2. A method of interconnecting an alumi- 
nium terminal member to an aluminium 
capacitor foil member having a thickness be- 
tween .0008 and .00017 inches/which com- 
prises forming a brittle good dielectric oxide 130 
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layer over the natural oxide layer on at least 
one of the members, juxtaposing the mem- 
bers with the brittle oxide layer between the 
members and then subjecting the members to 
5 pressure at a series of discrete areas so as to 
disrupt the oxide layers, and cold pressure 
weld the members together. ' - 

3. A method of interconnecting an 
aluminium terminal member to an aluminium 

10 capacitor foil member having a thickness be- 
tween .0008 and .00017 inches, which com- 
prises forming a brittle good dielectric oxide 
layer over the natural oxide layer on the 
aluminium foil member, juxtaposing the 

H5 members with the brittle oxide layer between 
the members and then subjecting the mem- 
bers to pressure at w series of discrete areas 
so as to disrupt the oxide layers and cold 
pressure weld the members together. 

20 4. A method according to any of the pre- 
ceding claims in which the brittle oxide layer 
is formed by electrolysis, the electrolyte being 
an alkali metal borate and an, acid. 
5. A method according to any of claims 

25 1 to 3 in which the brittle oxide layer is 
formed by electrolysis, the electrolyte being 
ammonium borate and an acid. 
■* -6. A method according to claim 4 or 5 



in which the acid is boric acid or phosphoric 
acid. 30 

7. A method according to any of the pre- 
ceding claims in which the members are sub- 
jected to pressure by means of a tool having 
a plurality of closely adjacent projections. 

8. A * method of interconnecting an 35 
aluminium terminal member to an aluminium 
capacitor foil member having a thickness be- 
tween .0008 and .00017 inches substantially 

as hereinbefore particularly described with 
reference to Figure 1 of the accompanying 40 1 
drawings. 

9. A method of interconnecting an 
aluminium terminal member to an aluminium 
capacitor foil member having a thickness be- 
tween .0008 and .00017 inches substantially 45 
as hereinbefore particularly described with 
reference to Figures 2 to 5 of the accom- 
panying drawings. 

10. A capacitor in which an aluminium 
terminal member and an aluminium foil 50* 
member are interconnected by a method 
according to any of the preceding claims/ 

E. WILLIAMSON 
Chartered Patent Agent 
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